I
N COMMUNITY studies, major depression is a major cause of emotional dysfunction, absenteeism, diminished productivity, and self-reported physical impairment. [1] [2] [3] [4] [5] [6] Moreover, several studies have revealed that patients with depressive symptoms are at increased risk for developing ischemic heart disease (IHD) [7] [8] [9] [10] [11] [12] [13] and cerebrovascular disease, 14 although some recent reports differ. 15, 16 Indeed, of patients with IHD, 16% to 23% exhibit symptoms of major depression, [17] [18] [19] [20] with the presence of depression predictive of future cardiac complications 9, 17, 21 and diminishing survival time. 19, 22, 23 The increased risk for development of IHD of patients with depressive symptoms is postulated to be in part caused by increased platelet reactivity, [24] [25] [26] because platelets play a central role in atherosclerosis, thrombosis, and acute coronary syndromes. 27, 28 Still unknown is whether the increased platelet activation observed in patients with major depression is a state or trait variable, and whether this activation exists within patients with dysthymia or other mood disorders.
In this study, we hypothesized that patients with depression who had other commonly accepted risk factors for IHD would exhibit increased platelet activation when compared with normal comparison subjects. Indeed, the well-known predisposing factors for development of coronary heart disease, including essential hypertension, elevated plasma cholesterol, older age, and smoking, contribute to serotonin-mediated platelet activation. [29] [30] [31] [32] [33] [34] Because our previous study had used a mild physical stress (an orthostatic challenge) to increase platelet activation from basal levels, we wished to examine whether greater physical exertion would further enhance differences in platelet reactivity between the depressed and normal comparison groups. 35, 36 Another hypothesis to be tested in the present study was whether a commonly used antidepressant, the selective serotonin reuptake inhibitor (SSRI) paroxetine, would exert beneficial effects on platelet reactivity in patients with depression. We selected paroxetine because it is the most potent SSRI available in the United States, and, in contrast to nearly all of the other SSRIs, has no active metabolite.
Platelet activation can be scrutinized by flow cytometry, by the measurement of plasma concentrations of platelet-specific proteins ␤-thromboglobulin (␤-TG) and platelet factor 4 (PF4), and by dose-response aggregometry. Fluorescence-activated flow cytometric analysis can provide in vivo measurement of platelet function in contrast to the latter 2 indirect methods, 37 and demonstrates superior sensitivity to classic aggregometry techniques in detecting early platelet activation events that occur before platelet-platelet aggregation. Activation of platelets, by thrombin or through adhesion to damaged subendothelium, generally results in 3 events (Figure 1): (1) Activation of the membrane integrin glycoprotein (GP) IIb/IIIa, which undergoes conformational changes to create functional membrane receptors for fibrinogen. Calcium-dependent interplatelet linkage may then form between the activated receptors and bivalent fibrinogen to form platelet aggregates. The conformational change in GP IIb/IIIa is evidenced by the expression of new epitopes that can be detected by specific monoclonal antibodies (mAbs), such as PAC1 (which competes with fibrinogen), and anti-LIBS (which detects the ligandinduced binding site). (2) Secretion of proaggregatory mediators, including adenosine diphosphate (ADP), adenosine triphosphate (ATP), PF4, ␤-TG, thromboxane A 2 , fibrinogen, and thrombospondin. Secretion of these mediators is followed by the translocation of ␣-granule membrane protein P-selectin (CD62) to the platelet surface (detected by mAb GE12 or GA6). (3) The exposure of the anionic phospholipid phosphatidylserine at the outer platelet surface membrane. Phosphatidylserine promotes assembly of 2 enzyme-substrate complexes of the coagulation cascade, the tenase complex (IXa, VIII, X, and calcium) and the prothrombinase complex (prothrombin, V a , X a , and calcium), which result in gen-
SUBJECTS AND METHODS

SUBJECTS
The research protocol was reviewed and approved by the Institutional Review Board of Emory University School of Medicine, Atlanta, Ga. Study subjects were recruited from the community by newspaper advertisements or word of mouth. Potential study participants, including the normal comparison individuals, were initially screened over the telephone for the presence (or absence) of current or past psychiatric disorders by a research interviewer. After informed consent was obtained, individuals meeting entry criteria (including the normal comparison individuals) were interviewed using the Structured Clinical Interview for DSM-IV 39 by a research nurse (B.T.K.) to ascertain the presence (or absence) of current, comorbid, and past psychiatric disorders. The severity of depressive and anxiety symptoms of study participants was assessed by the Hamilton Anxiety Rating Scale, 40, 41 Hamilton Depression Rating Scale (HDRS), 42, 43 Carroll Rating Scale for Depression, 44, 45 and the Clinical Global Impression Scale.
Fifteen patients (7 women and 8 men) with major depression (mean±SD age, 37±7 years; range, 23-48 years) were recruited, as well as 12 normal comparison subjects (NCS) (6 women and 6 men) (mean±SD age, 36±7 years; range, 23-48 years), who were similar in age and sex to the patients who were depressed. Those patients fulfilled DSM-IV 46 criteria for major depression, with a minimum score of 18 (mean±SD score, 25±3; range, 20-32) on the 21-item HDRS. The normal controls exhibited HDRS scores of less than 3 and were without any current or past personal history of psychiatric disorder. These patients were without other comorbid psychiatric disorders, with the exception of 2 patients who also fulfilled diagnostic criteria for generalized anxiety disorder. All subjects were in stable medical health with no evidence of endocrine, hematologic, hepatic, renal, or neurologic disease based on physical examination and routine laboratory screenings (complete blood cell count, chemistry panel, thyroid-stimulating hormone, urinalysis, urine drug screen, chest roentgenogram and electrocardiogram). Study subjects were without any evidence of current or past IHD, diabetes, and alcohol or other drug abuse ( Table 2) .
Patients with depression were accepted into the study if they exhibited any of the following commonly accepted risk factors for IHD: hypertension 47 ; obesity (body mass index [BMI], Ͼ25) (BMI was calculated as weight in kilograms divided by the square of height in meters) 48, 49 ; firstdegree relatives with premature heart disease or stroke (firstdegree male relative, Ͻ55 years of age, and/or first-degree female relative, Ͻ65 years of age); hypercholesterolemia 49 ; or daily nicotine use. The normal control subjects and 5 of the patients with depression (33%) did not have any of these risk factors for IHD, whereas most (10 of 15) of the patients with depression had 1 or more: 6 had only 1 IHD risk factor (2 patients with increased BMI, 2 with hypercholesterolemia, 1 with a family history of premature IHD, and 1 who used nicotine on a daily basis); 3 had 2 IHD risk factors (2 patients used nicotine and had a family history of premature IHD and 1 exhibited hypercholesterolemia and increased BMI); and 1 patient had 3 risk factors for IHD (hypertension, increased BMI, and family history of premature IHD). Four of the patients used nicotine on a daily basis. Both the normal comparison subjects and depressed individuals had first-degree family members with psychiatric disorders. 50 To minimize any potential confounding effect on platelet reactivity, all participants were instructed to avoid alcohol and medications (eg, aspirin, nonsteroidal antiinflammatory agents), which might alter platelet activation. The patients were without psychotropic medications for 4 weeks (8 weeks for fluoxetine) before the study.
PROCEDURES
The study was conducted at the National Institutes of Health-funded General Clinical Research Center (GCRC), at Emory University Hospital, Atlanta. At 7 AM, after an overnight bedrest, subjects underwent venous blood sampling eration of thrombin. This platelet procoagulant activity is detected by annexin V protein reacting with activationdependent exposure of anionic phosphatidylserine determinants on the platelet surface (which serve as binding sites for the prothrombinase complex [prothrombin, factor V, and factor X]) and binding of V261 mAb against platelet-bound activated coagulation factor V fragment 38 ( Table 1) .
RESULTS
Compared with normal controls similar in age and gender, the depressed group exhibited the following: (1) increased binding of the mAb anti-LIBS, which attaches to the fibrinogen binding site of the activated GP receptor (t 25 =3.86, P=.0007) ( Figure 2) ; (2) increased binding of the mAb GA6 to P-selectin (t 25 = 2.91, P = .01); and increased plasma concentrations of the platelet-specific secretion protein PF4 (t 24 =2.40, P=.02) ( Table 3) . Thus, using these measures, the patients who were depressed exhibited nearly a 125% (95% CI, 63%-257%) increase in binding of the mAb anti-LIBS, a 50% (95% CI, 14%-96%) increase in binding of the mAb GA6, and a 150% (95% CI, 0.1%-284%) increase in plasma concentrations of PF4, relative to the baseline of the controls. These results of the total group of patients who were depressed (n=15) are congruent with the results based on analyses of the patients with depression and risk factors for IHD (n=10). After 6 weeks of paroxetine treatment (20 mg/d), 12 of 15 patients were designated as "responders" (ie, they demonstrated a reduction of Ն50% from their baseline HDRS score, and exhibited a positive response on the Clinical Global Impression score, defined as a score of Յ2 for those assessed with a score of Ն3 at baseline). After paroxetine treatment, the depressed group exhibited significant reduction of activation as demonstrated by diminished mAb anti-LIBS binding (t 14 = 4.32, P = .0007), diminished mAb GA6 binding (t 14 = 2.75, P=.02), and diminished plasma concentrations of PF4 (t 12 =2.66, P=.02) ( Table 4) . Therefore, those who were depressed exhibited a 48% decrease in anti-LIBS binding, a 17% decrease of GA6 binding, and a 54% decrease from an antecubital vein in 1 arm. Peripheral blood samples were drawn by clean venipuncture with a 21-gauge butterfly infusion set (Miniset; Baxter International Inc, Deerfield, Ill) with minimal tourniquet. After their first blood drawing, subjects underwent a mild exercise challenge (60 seconds of stepping on and off of a platform 22.9 inches off the ground). 24 After vital signs returned to resting values, venous blood samples were again obtained, this time from the antecubital vein of the other arm. Blood was collected using a 2-syringe sampling technique to avoid activation of platelets.
After their single overnight GCRC stay and morning blood sampling, the normal comparison patients were terminated from the study. The patients with depression received open-label treatment with paroxetine (20 mg/d) for 6 weeks. Patients were reevaluated on a weekly basis by a board-certified psychiatrist (D.L.M.) and instructed not to use adjunct psychotherapy or other psychoactive medications. After 6 weeks of paroxetine treatment, the patients with depression were readmitted for a second overnight GCRC stay. The next morning, the procedures and blood sampling of the first GCRC visit were repeated to determine the effect of treatment.
PLATELET MEASURES
Venous blood samples were assayed for activated platelets as previously described. 24 Murine monoclonal antibodies directed to distinct activation-dependent epitopes on the platelet membrane were used: (1) anti-LIBS1 for LIBS on GP IIIa; (2) GA6 for P-selectin (CD62); and (3) recombinant placental protein annexin V detecting activationdependent exposure of anionic phosphatidylserine determinants. The anti-LIBS mAb was donated by Edward F. Plow, PhD, of the Cleveland Clinic, Cleveland, Ohio. Because of excessive cost, the PAC1 mAb was not used as in our 1996 previous study. As supply of GE12 mAb had ceased, GA6 (donated by Biagen, Boston, Mass), an mAb with affinity identical to GE12 for P-selectin, was used. Additionally, we determine plasma concentrations of platelet specific proteins secreted from platelet storage granules during platelet activation in vivo (ie, ␤-TG and PF4 and dose-response platelet aggregation induced by agonist ADP or thrombin receptor-agonist peptide (TRAP [1] [2] [3] [4] [5] [6] ), expressed as the agonist concentration producing halfmaximal aggegration (AC 50 ). Plasma concentrations of PF4 and ␤-TG were determined by enzyme immunoassay (Asserachrom R PF4 and Asserachrom R ␤-TG; American Bioproducts, Parsippany, NJ). Simulating circulating thrombin, TRAP [1] [2] [3] [4] [5] [6] initiates the platelet thrombin-receptor activation and was used in this study rather than collagen (an agonist in our previous study). The laboratory personnel were blinded to the diagnostic identity of the samples.
STATISTICAL ANALYSES
Sample size for this study (patients vs normal controls) was calculated based on our previous study's results. 24 To determine whether there was a significant difference between the basal and postexercise challenge platelet measures, paired t tests were used. There were no significant differences between the basal and postchallenge scores in either the normal comparison or depressed patient group. Therefore, in subsequent analyses, we used the data obtained during the basal conditions. To determine whether the depressed group exhibited increased platelet activation compared with the normal comparison subjects, t tests were used. Nonparametric tests gave similar P values. For interpretation, as a percentage increase (or decrease), 95% confidence intervals (CIs) were calculated. We then divided the depressed group into those with 1 or more commonly accepted risk factors for IHD and those who did not have any risk factors for IHD. Because the number of subjects in the depressed group without risk factors for IHD was small, we do not report P values comparing the means of that group with the other groups. To determine whether platelet measures of the depressed group would decrease after 6 weeks of treatment with paroxetine, paired t tests were used. All of the statistical tests were 2-tailed, with a level of ␣= .05. ADP, or TRAP [1] [2] [3] [4] [5] [6] . A linear regression analysis revealed no significant relationship between the change in HDRS scores and change in platelet measures.
COMMENT
The results of this study indicate that those with depression but not IHD exhibit increased platelet activation under basal conditions, as evidenced by increased binding of mAb anti-LIBS to GP IIIa, GA6 to P-selectin, and increased plasma concentrations of PF4 compared with normal controls. Evidence of increased GP IIb/IIIa activation of platelets in patients with major depression as demonstrated by increased platelet binding of the mAb anti-LIBS was originally observed in our preliminary 24 and current study, and confirmed by Markovitz and colleagues. 36 The increased anti-LIBS binding of the platelets of patients who were depressed was observed not only in patients with depression and other risk factors for IHD, but in those without those factors, as in our 1996 study, suggesting that the increased anti-LIBS binding is not a surrogate marker for other commonly accepted risk factors for IHD.
The lack of significant differences in platelet activation and aggregation after the exercise challenge (even in the normal comparison subjects) may be caused by compensatory inhibitory processes associated with exercise. The increased platelet binding of annexin V exhibited by the patients who were depressed in our previous study was not replicated, perhaps in part because of the marked variability we have observed in our labo- †First-degree family member with psychiatric disorder. ‡First-degree male relative younger than 55 years and/or first-degree female relative younger than 65 years.
§Obesity as indicated by a body mass index higher than 25 (calculated as weight in kilograms divided by the square of height in meters).
Hypercholesterolemia was determined by a nonfasting total cholesterol level higher than 200 ng/dL (Ͼ5.17 mmol/L).
¶Nicotine use was defined as daily cigarette or pipe use. #Hypertension was defined as a persistent diastolic blood pressure remaining persistently at or higher than 90 mm Hg, or systolic blood pressure at 140 to 180 mm Hg. **Diabetes was defined as 2 venous plasma glucose concentrations higher than 200 mg/dL (Ͼ11.1 mmol/L) during an oral glucose tolerance test. †Indicates the monoclonal antibodies used in the flow cytometry analysis of platelet activation in our 1996 study. The monoclonal antibodies (in italics) were repeated in the present study.
‡Increased binding of the anti-LIBS1 antibody in patients with depression compared with controls was observed in both the 1996 study and this study.
(REPRINTED) ARCH GEN PSYCHIATRY/ VOL 57, SEP 2000 WWW.ARCHGENPSYCHIATRY.COMratory with this particular assay. Moreover, the means and SDs of the flow cytometry and platelet secretion variables are greater than in our prior study, because of the sample analyses having been performed with a different flow cytometry apparatus. The increased platelet binding of mAb GA6 in the patients who were depressed under basal conditions reflects the increased exposure of the ␣-granule membrane glycoprotein P-selectin during secretion of ␣-granule contents, including PF4 and ␤-TG. Increased plasma concentrations of the platelet-specific proteins, ␤-TG and PF4, have been reported in patients with IHD and comorbid depression compared with patients with IHD alone and control subjects. 25 Indeed, such perturbations may be observed in certain groups of patients with depression (ie, those with clinical evidence of IHD, those with risk factors for IHD [as reflected by increased plasma concentrations of PF4], but not in relatively young patients with depression but no risk factors for IHD [as observed in our original 1996 study]). There were no significant differences in platelet aggregation (as detected by the AC 50 of the platelet agonists ADP and TRAP [1] [2] [3] [4] [5] [6] ) between patients who were depressed and normal comparison subjects at baseline, or in the patients with depression after paroxetine treatment compared with pretreatment values. Our previous study reported that the patients who were depressed exhibited an initially decreased AC 50 of the platelet agonist collagen compared with controls, and a resulting increase (AC 50 ) after orthostatic challenge (because previously activated platelets in vivo required higher concentrations of agonist in vitro to induce aggregation). As in our previous study, less potent agonists, such as ADP (and TRAP [1] [2] [3] [4] [5] [6] ), do not detect alterations in platelet aggregation of those with depression compared with normal comparison subjects. Nevertheless, our results support an increase in platelet activation of patients who were depressed under basal conditions, because platelet reactivity (or responsivity) after the stimulus of the mild exercise challenge was not significantly increased in those patients (or normal comparison subjects).
Platelet activation in the depressed group was significantly reduced after 6 weeks of paroxetine treatment (20 mg/d), as demonstrated by diminished platelet binding of the mAb anti-LIBS to GP IIIa, GA6 to P-selectin, and plasma concentrations of PF4. Our data do not inform as to whether the reduction in platelet activation after paroxetine administration is caused by remission of depression, a direct pharmacological action of the drug on platelets, or some other pharmacological effect of this SSRI. Indeed, the effects of paroxetine on platelet activation could be entirely independent of its reduction of depressive symptoms in the patients. The effects of paroxetine treatment on platelet function of nondepressed subjects might reveal such important information.
The limits of this study include a relatively small sample size (and the associated possibility of a type II error), lack of psychiatric control subjects (eg, patients with anxiety disorders), and patients with more mild forms of depression. Moreover, normal comparison subjects with other risk factors for IHD were not recruited in this study, as we sought to determine the differences between the groups of patients with depression (those with and without risk factors for IHD). Platelet activation of a group of patients without depression with other risk factors for IHD will be scrutinized in future investigations. Subsequent studies will also seek to determine whether patients who are depressed treated with nonpharmacological modalities (eg, psychotherapy, electroconvulsive therapy) exhibit similar normalization of platelet function.
